Band-pass shock and vibration absorbers for application to aircraft landing gear by Schnitzer, Emanuel
,.vw-.
FORAERONAUTICS
TECHNICAL NOTE 3803
BAND-PASS SHOCKAND VIBRATION ABSORBERS FOR
APPLICATION TO AIRCRAFT LANDING GE&k
By EmanuelSchnitzer
Langley Aeronautical Lakmatory
Langley Field, Va.
Wash@ton
October 1956
https://ntrs.nasa.gov/search.jsp?R=19930084562 2020-06-17T18:37:26+00:00Z
TECHLIBRARYKAFB,NM
NATIONALADYISORYCOWTI!EE lllillilliillllii/ll-FORAERONAUTICS DRLL7L4
TECHNICALNCYLE3803
BAND-PASSHOCKANDVIBRATIONABSORBERSFOR
APPLICATIONTOAIRCRAFTIANDING
By EmmuelSchnitzer
SUMMARY
EAR
A newclassof frequency-selectiveshockabsorberscalledband-pass
shockabsorberswhichwereconceivedasa meansof overcomingsomeof
thelimitationsof conventionalshockshsorbersisdescribed.These
shockabsorberdesignsareintroduced,specialemphasisbeinggivento
theiruseinlandingandtaxiingproblemsofhigh-speedaircraft.For
suchaircraftoperatedon roughlandorwaterrunways,conventional
oleostrutsapproacha rigidconditionforbumpswithsteepslopesandh therebydevelopandtransmitsevereshockloadstotheaircraftfuselage.
Theoperationoftheband-yassshock absorbersinthereductionofloads
in certainselectedfrequencyrangesisdescribed.Theoreticalequations
.
arederivedandsolutionsaremadeforseveralcasesforthepurposeof
comparingthelow-passandconventionalshock-absorberactions.The
resultsindicatethattheband-passhockabsorbershouldalleviate
high-frequencyorrapidlyappliedimpactloadsbutshofidretainthe
characteristicsof conventionalo eostrutswhentaxiinganddesign
landingloadsareslowlyapplied.A numberofvariationsindesignare
presentedforlow-passhockabsorbersandreferenceismadeto dou3le-
actingband-passvibrationabsorbersforotherapplications.
INTRODUCTION
Thispaperis concernedwitha newseriesof frequency-discriminating
shockabsorberswithspecialreferenceto landing-gearpplications.These
newfilter-actionabsorbers,calledband-passhockabsorbers,wereorigi-
natedattheLangleyAeronauticalLaboratoryinan attemptoovercome
someofthelimitationsof conventionalshockabsorbers.Forexample,
inthecaseof aircraftoperationon a landorwaterrunwayof a given
roughness,astheaircraftspeedincreases,therelativeslopeofa
bumpincreasesandleadstomoreandmorerapidratesof loadapplica-
tion. Sincetheforcetransmittedbya conventionallanding-gearoleo
strutincreasesroughlyasthesquareofthetelescopingvelocity,these
strutstendtobecomequiterigid;thus,severeshockloadsaredeveloped
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andtransmittedto theaircraft,forhighfrequenciesorratesofload
application.Oneoftheband-passhockabsorbers,calledthelow-pass +’
shockstrut,wasconceivedtoovercomethislimitationandstillretain
thecharacteristicsofa conventionalsho& strutforlow-frequency
applications. +=
Althoughanexperimentalinvestigationoftheseband-passhock
absorbershasnotyetbeenpossible,p~licationoftheavailableinfor-
mationontheprinciplesof operationofthesedevicesis considered
desirable.Thepurposeofthispresentationisto reviewtheseprinci-
plesofoperationbrieflyforsomesim@econfigurationswhichhavebeen .
conceivedandtopresenta fewspecificapplicationsofthesedevices.
Exsmplestrutsfordifferentfrequencyrangesorload-applicationrates
aredescribed.Simplifiedtheoretical,comparisonsaremadebetweena
low-passtrutanda conventionalo eo:st~tfora simplesinglebump
anda compoundbumpconsistingoftwosupefiosedsinewavesofdifferent
frequencies.An appendixwhichcontainsthetheoreticalequations
utilizedinthesecomparisonsi included. -.
PRINCIPLESOFOPERATION
Low-PassShockStrut
—
.
Thesimplestypeofband-passhockabsorberto describeisprob-
ablythelow-passlending-gearoleostrut.Therefore,itis conven-
ientto considerthisdesignfirst,sincetheoperationoftheother
typesofband-passhockstrutscanbe’easilyvisualizediftheaction
ofthelow-passtrutisunderstood.we low-passtrutisof special
interestformodernhigh-speedaircraftwhichutilizesmallhardtires
forlandoperationorpossiblyhydro-skisforwateroperation.The
landingearof suchaircraftwithconventionalo eostrutshavesat-
isfactoryloadcharacteristicswhenoperatedon smoothrunways”having
onlylongundulations.Hdwever,when~peratedoversmallsteepbumps,
theaircraftmayexperienceseverepulse-t~eloads.Ifa low-pass
strutis substitutedfortheconventionalo eostrut,thesepulseloads
maybe alleviated.Theactionofthelow-passtrutisto filterout,
theserapidlyappliedloadswhilemibstantiallyretainingtherequired
load-arrestingqualitiesofa conventionalshockstrutfornormal
landingandtaxiingoperations.‘J?his,actionisillustratedinfig-
urel(a)wherethelandingearisridingovera smallsteepbumpor
wavewithoutforcingtheuppermassoftheaircraftofollowthebump
contour;however,theaircraftwouldbe forcedtofollow,withreduced
smplitude,thecontourofthelonghillor swell(fig.l(b)).
4’
Beforethedetailsofthesimplifiedband-passtrutarediscussed,”
itmightbe helpfulto reviewtheactionoftheconventionallandhg-
gearoleostrutshowninsimplifiedforminfigure2(a).Thisstrut w
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- consistsofa lowercylinderwhichcontainsthehydraulicfluidjan
uppertube,thelowerendofwhichactsas a pistonandhasen orifice;
and,inmanycases,a meteringpinwhichvariestheorificesizeasa
* functionofthestruttelescopingdisplacement.
Thisstrutoperatesinthefollowingmsmner.When~ upwardaxial
forceisappliedatthebaseofthelowercylinder,fluidisforced
fromthiscylinderthroughtheorificeintotheuppercylinderwhich
hasbeenpreviouslypressurizedwithairfortsxiingandreextending
thestrut.Fora givensizebumphavinga gradualslope,thestrut
telescopeseasilyandsmallloadsareappliedtotheaircraft.As the
slopeofthebumpincreases,however,thestrutmusttelescopeat a
greaterate. Sincethepressuredropacrosstheorificeisroughly
proportionalto thesquareofthetelescopingvelocity,thegreaterthe
slopeofthebump,themoreresistancethestrutexhibits(thatis,the
morerigiditbecomes)untilforverysteepbumpsitispracticallya
rigidbar.
Since theorificeareaofa conventionalshockstrutcanbe varied
asa functiononlyofthedisplacementandnotoftheslopeofthe
m bump,it cannotbe designedto alleviateloadsfromsteepbumps.The
low-passhockstrutis intendedto eliminatethisdisadvantageby
havinga mainorificeofvariablesizewhichdependsontherateof
. loading.Forthisstruttheorificesizeincreasesastherateof
loadingorfrequencyofloadapplicationbecomesmorerapid;thus,the
transmittedloadisreduced.Thisactiondoesnotimplya constant-
forceshockstrut.
Figure2(b)’shows,in simplifiedform,modificationswhichwould
converta conventionalfixed-orificestrutintoa low-passtrut.In
thislow-passtruttheorificesizeisvariedbya pressure-actuated
meteringpin,controlledthroughthepistonandcylindercon.bination
shownimposition(fig.2(b))andinan ~anded sectionview(fig.2(c)).
Actually,manyothertypesofvariable-flowvalvesmaybe usedandthe
metering-pin-t~evalveisshownforillustrationly.
Thes@lified low-passtrutoperatesinthefollowingmanner.
Whenthehydraulicpressurep~ inthelowercylinderisincreased
becauseanupwardloadisappliedatthebaseofthestrut,fluidis
f5rcedthroughthemainorificeandalsointothecontrolcylinder
throughthelarge-diametertzibeorpassageshownattheleftofthe
strut. Thisttieissodesignedthatitpresentsa lowimpedanceto the
fluidflow. Thefluidlevelinthecontrolcylinderisregulatedbythe
llairdomel’pressurepc. It shouldbeemphasizedatthispointthatthe
keytotheoperationofthisstrutisprimarilytherateofflowof
J+ NACATN 3803
fluidintothecontrolcylinderwhich,inturn,dependsontherateof
changeofthehydraulicpressureinthelowercylinderpl. #
Fora lowti~teofloading,thatis,Uhewheretheforceincreases *
slowlywithtime,thefluidflowsslowlyahdeasilythroughthesmall
orificeinthecontrolpistonandthus~~owsthesteei“springinthe
controlcylindertomaintainthispist@ initsbottomposition.For
thiscasethestrutbehavesasa conventionalfixed-orificestrut.For
a highrateofloading,however,thepressurepz rises.rapidlyand —
forcesfluidintothecontrolcylinderat sucha highratethatitcan-
notbleedthroughtheorificeinthepistonfastenoughtopermit
equalizationfthepressuresabovean?~elowthecontrolpiston.The —
pistonthereforerisesandkcreasestheopeningin~hemainorifice” .
sothatthefluidflowsthroughthisorificeata muchhigherrate;the
pressurept isrelievedandthedevelop>dload-istherebyreduced.
Astheloadingpulsepassesandtherate,~floadingdropsoff,thecon-
trolpistonisforcedbackdowhagainstitsseatby themetalspring,
andagainclosesdownthemhinorificetuitslowratesetting.Cer-
tainpai’tsinthes&’utvalvingaresubjectohighaccelerationsand
shouldthereforebe aslighta_spossib,letopermitstrutoperationover a
a widefrequencyrange.
Althoughtheextremelow-smdhigh-frequencycaseshavebeen .
describedas separateactions,itshouldbeborneinmindthata gradual
transitionexistsin someregionbetween~hetwo-foran intermediate
.—
bandof frequencies.Therefore,atanythneduringa cotiinedaction
resultingfromthesimultaneous applicationfbothlow-andhigh-
frequencyforcingfunctionstothest~tjtheequilibriumlevelofthe
fluidinthecontrolcylinderisdeterminedby theinstantaneousmag-
nitudeofthelow-frequencypulsein&isZenceatthetime. .
Beforetheprinciplesof operationofband-passhockstrutsfor
otherfrequencyrangesarediscussed,.itwoui.dprobablybe advantageous
to introducea Slightlymorecomplexlow-passtrutwhichisIllustrated
infigures3(a)and3(b).Inthisco~igurationdumpvalveshavebeen
arbitrarilyaddedtothestrut.TWeqtick-returndumpvalveadjacent
tothemainorificehasbeenaddedtofacilitaterapidrecyclingofthe
strutforcaseswhereitisdesiredtohavethemsximuinpossiblestrut
lengthavailableforeachnewbunrpencountered.‘l%israpidrecycli~
mightbe of specialinterestinsuccessiveimpacts.oncloselys~ced
waterwaves,Thisdumpvalveis sodesignedthat,wheneverthepressure
intheuppercylinderexceedsthepre~silf%inthelowercylinder,fluid
returnstothelowercylinderandthusP~%Xtendsthestrut.Thefiuid-
returndumpvalveinthemetering-pin-controlpistonhasbeenaddedto
allowthecontrolcylinderto emptybetweensuccessivehigh-frequen~y
impulses.Othe~iseja seriesof steep,~loselyspacedbWs could-”
tendto fillthiscylinderwithfluidan~reducethehigh-frequency
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isolationcapabilitiesofthisstrut.Thisdumpvalveisdesignedto*
allowa quickreturnofthefluidfromthecontrolcylinderto thelower
strutcylinderwheneverthepressureabovethecontrolpistonexceeds
u thepressurebelowit. Forlsmdplanes,mibberstiybe afmoreinterest
topreventreboundaftercontacthanrecyclingdumpvalves.Thelow-
passshockabsorbermaybe comparedtoa low-passelectrical-filter
network.Inthessmemanneraselectric&1.filterscanbedesignedto
passdifferentbandsof frequency,theband-passhocksbsorbercan
be modifiedtopassandabsorbdifferentbsndsof frequency.Shock
absorberscoveringotherpassbsndsaredescribedsubsequently.It iS
pointedoutthat,althoughthemainpurposeofthesesbsorbersisto
dampvibrationsandshocksselectively,theymayalsobeusedas
frequency-selectiveforceandvibrationtransmittersinnachi.nery
requiringsuchfrequency-selectiveexcitation.
Eigh-LowBand-PassShockStrut
Thehigh-lowbred-passshockstrutmaybe definedasonewhich
tendsto isolatetwobodiesfromeachotheragainsthetrsnsferof
loadsormotionshavinga Intermediatefrequencyorrateof applica-
tionwhileallowingthetransferoflow-orhigh-frequencyloadsor
motionsto occur.At thesametime,suchlow-orhigh-frequencyloads
ormotionswouldbedampedby such a strutto a greaterextenthan
thosewithintermediatefrequencies.Thistypeof shockstrutmightbe
preferredovertheconventionalshockstrutina vehicle,forexample,
forthoseapplicationswherea frequency-spectrumanalysisofdisturb-
ances@posedonthevehicleindicatedthemostsevereloadsormotions
at somespecificintermediatebandoffrequencies.Itmightalsobe
preferredwheredisturbancesappliedat certainresonantfrequenciesof
thevehicleorotherdeviceresultinthedevelopmentof excessiveloads
ormotions.
Oneformofa high-low-passhockstrutmightbe obtainedby
alteringthelow-passtrutoffigure3(a)throughsubstitutionfthe
controlcylinderoffigure3(c) for that showninfigure3(b).This
alterationconsistsoftheinsertionofthehigh-frequencycutoffori-
ficeand,whererequired,thecontrol-cylinderumpvalveinthepassage
leadingfromthelowerstrutcylindertothecontrolcylinder.
Theoperationofthehigh-lowband-passtrutis s~lar to that
ofthelow-passtrutwiththefollowingdifferences.Thehigh-frequency
cutofforifice,liketheoneinthecontrolpiston,offersverylowimped-
anceto theflowoffluidat lowandintermediateloadingratesbutdoes
greatlyreducetheflowathighloadingrates.Thus,atlowfrequencies
thestrutbehavesasa fixed-orificestrut.At intermediatefrequencies
thecontrolpistonwouldbeactuatedto increasethemainorificesize
andthusreduceloadswhereasathighfrequenciesincepracticallyno
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fluidcouldgettothecontrolpistonbe”catiseoftheflow-restriction *
causedby thehigh-frequencycutofforifice,thispistonwouldremain
closeto itsseatandthestrutwouldalsobehaveasa conventional
fixed-orificeshockstrut. a_
Intermediate-Bend-PassShockStrut
Theintermediate-band-passshockstrutmybe definedasonewhich
tendsto isolatetwobodiesfromeachother_againstthetransferof
loadsormotionsforallfrequenciesorratesofapplicationwiththe
exceptionofan intermediatebandoffrequenciesforwhichtheloadsor
motionsmaybe transmitted.Therelativedampingwouldbeconsiderably
greateroverthisintermediaterangethanovertherestofthefrequency
spectrum.Thistypeof shockstrutmightbepreferredinsteadofthe
conventionalstrut;forexsmple,forthecasewhereit isdesiredto
transfermotionsor energyto a deviceina certainfrequencyrange
whilepreventingallundesirables condaryvibrationsormotionsfrom
feedingacrossthestrutineitherdirection.
Oneformofintermediate-passstrutmightbe obtainedthrough a
alteringthehigh-lowpassstrutoffigures3(a)and3(c)bymodifying
theshapeofthemetering-pinheadtotheformshowninfigurej(d).
Theoperationofthisstrutis similartothatofthehigh-lowband-pass “
strutwiththeexceptionthatthemainorificeisopenedwideforlow-
orhigh-frequencyloadsandis closedoknto a smellsizeforinterme-
diate-frequenciesorratesof loadapplication.It isthus
loadshavinghigh.andlowratesofapplicationwouldnotbe
whileintermediateloadingrateswouldbe transmittedas in
fixed-orificeshockstrut.
High-PassShockStrut ,
apparenthat
transmitted
a conventional
Thehigh-passhockstrutmaybe definedasonewhichtendsto
isolatetwobodiesfromeachotheragainsthetransferofloadsor
motionshavinglowfrequenciesorratesof applicationwhileallowing
thetransferofhigh-frequencymotionsto occur.At thesametimesuch
high-frequencymotionswouldbedsmpedtoa muchgreaterextenthan
thelow-frequencymotions.Sucha devicemightbe utilizedina system
whereitisdesiredtotransferimpulsiveoroscillatorymotionsbetween
twobodiesina high-frequencyrangewhilepreventingtheexcitationf
a low-frequencyresonance.A high-passstrutmightalsobe considered
as oneinwhichexponentialdaqpingproportionalto somepowerofthe
struttelescopingvezocitycouldexceedtheusualpoweroftwoachieved
withturbulent-dampingdevices.Thisactionresultsina sharpercut-
offontheresponsecurveofloadtransmissionplottedagainstfrequency
ofapplication.
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Oneformofa high-passhockstrutmightbe obtainedthrough
alteringthelow-passtrutoffigures(a)furtherby substitutingthe
controlcylinderof figures(e)forthatshowninfigurez(b). This
alterationconsistsofthesubstitutionfa solidcontrolpistonfor
theoneshowninfigures(b),theinsertionofthehigh-frequencycut-
offorifice,andalso,whererequired,useofthecontrol-cylinder
dumpvalveinthepassageleadingfromthelowerstrutcylindertothe
controlcylinderaswasdoneforthehigh-low-passtrut.
Mostofthedetailsoftheoperationofthehigh-passtrutmay
be obtainedfromthedescriptionsgivenforthelow-passandhigh-low-
passstrutswiththefollowingdifferences.Sincethecontrolpiston
is solidsothatthereisno flowthroughit,thispistonwouldbe
raisedat lowfrequenciesorloadingratesto openthemainorifice
widerandthusreducetheloads.At highloadingrates,thefluidcould
notenterthecontrolcylinderbecauseoftherestrictionfthehigh-
frequencycutofforifice;thisconditionwouldtie thestrutbehave
asa conventionalshockstrutforthehigherfrequencydisturbances.
IUUSTRATIVXCONFIGURATIONS
Single-ActionShockAbsorbers
Rate-sensitivestruts.-An alternativeformofa simplifiedlow-pass
shockabsorberis showninfigurek(a)to illustratehatband-pass
shockstrutscanbe designedinmanyways. Ihthisdesignthemain-
orificevalve-iscontrolledby thedeviceintheperforatedcase.
Essentially,theactionisparalleltothatpreviouslydescribedintie
sectiononlow-passtrutoperationandisas foU.ows:
Whena loadingfunctionis slowlyapplied,thefluidinthelower
cylinderpassesthroughtheperforatedcaseandflowsthroughthemain
orificewhilesimul.tsneouslyexertinga compressiveforceontheSylphon
Bellowscontainers.Sincethetwolowercontainersarefilledwith
fluid,no compressionftheseoccursbuttheu~er air-filledcontainer
is slowlycompressed.Since,however,fluidcanflowthroughthebleed
orificebetweenthetwolower.containers,theplunger-ins in its
initial.position,thevolumeinthelowercontainerbeingreducedas
muchasthatintheupperair-filledcontainer:Thespringforcein
thiscaseis sufficientlyargetomaintaintheplumgerin itsoriginal
position.Whenthecompressiveloadonthestrutisraoved,the
reverseactiontakesplace.Thus,forlowratesofloadingthisstrut
behavesas a conventionalfixed-orificestrut.Forhighratesof
loading,however,fluidcannotflowthroughthebleedorificefast
enoughand,as a result,theplungeriswithdrawnfromthemainOriffcej
thus,thestrutisallowedtotelescopeeasilytiththeconsequentgen-
erationofonlya smallload.
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Combinedisplacementandrate-sensitivestruts.-Inorderto apply
theband-passprincipleto shockstrutsforwhichitisalsonecessary l
to controlthedampingasa functionof strut-telescop@gdisplacement,
thedesignoffiguyek(b)is included.Thisdisplacementtypeofdsmping
controlisof interest,forexemple,in~andingearsforwhichitis #
desiredto reducethespin-updragloadson contactofthewheelwith
theground.
Inthisdesignan enlargedhollowmeteringpinisemployedwhich
is socoptouredthatthemainorificeopeningis controlledxactlyas
isthatfortheconventionalshockstrut”em@loyinga meteringpin. The
flowthroughtheorificearoundtheoutsideofthismeteringpinthus
takescareofthevariationof strutforcewithtelescopingdisplace-
ment. Forthevariationof strutforcewithfrequency6rateofload
application,thefluidisallowedto flowt.hyought einteriorofthe
meteringpin. Inthisarrangement,hecontrolcylinderispartofthe
baseofthemeteringpin. Inorderforthefluidto travelfromthe
lowerstrutcylinderto theuppercylin@r,itentersthemeteringpin
throughtheslotsindicated(fig.J(b))whicharedistributedradially
aroundthebaseofthepin. Thecompressiblem diumshowninsidethe
valveplungermaybe anynonsaturablecompressiblem diumsuchas
spongerubberwithnonconnectedairholesdistributedthroughit.
d
Theactionofthisstrutissimilartothatofthepreviously
describedlow-passtrutsandmaybebrieflysummer
.
izedasfollows:For
lowloadingrates,fluidflowsaroundtheoutsideofthemeterimgpin
throughthemainorificeandalsothroughtheslotsandbleedorifice
intothebaseofthemeteringpin. Asthefluidenterstheregionbelow
theplunger,thecompressiblem diumisreducedinvolumetomaintain
equalpressuresonboth$idesoftheplungerandallowthespringto
maintaintheplungerinits”closedposition.As theloaddropsoff,
thereverseactiontakesplace.Forhighratesofloading,however,
fluidcannotflowthroughthebleedorificefastenoughand,asa result,
thepressuredifferenceaboveandbelowthe-plungerforcestheplunger
downandallowsthefluidto flowintotheupperstrutcylinderthrough
themeteringpin. Astherateofloadi~gdropsoff,thischannelis
againclosedoff. ThisstrutdesignhaBtheadvar$agethatthecontrol-
cylindercomponentscanprobablybe adjustedor interchangedthrough
thebottomofthestrutwithoutdisassqiblyofthestrutorlanding
gear.Thisfeatureisadvantageousinthatitmightallowthesamestrut
tobe usedfordifferenttypesofaircniftorothervehicles.Of course,
thedisplacement-controlleddempingfeaturecouldbeeliminated,if
desired,by usinga straightn.ibeforthemeteringpin.
WiththestrutdesignoffigureJ(b)duringthedecayofa high-
frequencypulse,fluidcouldflowfromtheuppercylinderbackdownto
thelowercylinderthroughthemeteringpin. Thispropertyallowsthe
struttorecycleitselforhigh-frequencypulses.However,thisflow
f
s
—.
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. canalsooccurforthedecayoflow-rateloadingpulsesandwouldallow
thestrutto snapbackto itsextendedcondition.Foranaircraft
landing,whichisa low-ratepulse,thisconditionwouldresultina
. reboundoftheaircraftintotheair. Thefrequency-sensitivebuffer
systemshownattheintersectionfthetwostrutcylindersandinthe
explodedviewoffigure4(c)isdesignedto~reventhisrebound.
Thisbufferoperatesinthefollowingmsuner:l)uringcompression
oftheshockstrut,fluidflowsintotheannularspacebetweenthe
cylindersthroughthehigh-andlow-frequencyreturnorificesandalso
throughthespacebetweentheouteredgeoftheslidingringandthe
innerwallofthelowercylinder.Theslidingringisforcedupagainst
itsstopduringthispartofthestrokeandtheslow-returndashpot,
indicatedinfigure4(c),isfilledwithfluid.Fora high-frequency
reboundthestrutisallowedto reextendrapidlysinceanysmibbing
actionisdelayedby thetimerequiredfortheringto reseatitself
by forcingthefluidoutoftheslow-returndashpot.Theringisa
loosefitinthisdashpotsotheclearancebetweenthetwoformsa
leakagepathwhichtakestheplaceofan orifice.A loosefitwas
chosenforthering,ingeneral,topreventitsbindingontheupper
& cylinder.Thus,fora high-frequencyreboundthefluidreturnsfrom
theannularegionbetweenthecylindersinthessmewaythatitentered.
Fora low-frequencyrebound,however,thereisampletimeto forcethe
. fluidfromtheslow-return&shpotto reseatthe~ing
frequencyreturnorifices.Therefore,thefluidmust
lowercylinderthroughthesmalllow-frequencyreturn
thestrutreboundvelocityisreducedto a reasonable
Double-ActionShockAbsorbers
to coverthehigh-
returnto the
orificesothat
value.
Althoughtheshockabsorberspreviouslydescribedhavebeenofthe
single-actiontypeforapplicationmainlytothelandingofaircraft,
dotile-actingband-passhockabsorbersmaybe consideredalso.These
absorbers,whichareofthehydraulic,friction,andelectricalvarie-
ties,havealsobeendesignedforthevarioustypesof responsecharac-
teristicsuchaslowpass,highpass,andsoforth.Thesedouble-
actingshockabsorbersareof specialinterestas frequency-discrMnati&
vibrationabsorbersincetheycaadealwithimpulsestransmittedas
eithertensileor compressiveloads.Thesedouble-actingshockabsorbers
arenotdescribedinthi%paper;theprinciplesof operationofthesingle-
actingshockabsorbercaneasilybe extende~to thedouble-actingcase.
A possiblexampleofan applicationfa band-passhockabsorber
R forvibrationabsorptionmightbe theisolationof a helicopterrotorfromthefuselage.A low-passhockabsorberusedinthiswaycould
.
-.
10
coupletherotortothefuselageforlow-frequency
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forcingfunctions A
suchasmaneuversandwouldbe tunedto damyoscillationsinthislow-
frequencyrangewhileisolatingthehigh-frequencyrotorvibrationsfrom
thefuselage.Althougha dotile-actionshockabsorbermightbe usedfor
thispurpose,itispossiblethata si@e-actionshockstrutwitheither
airor oilspringscouldbe employed. “
GeneralizedConfiguration
33orderto includeall.theshockabsorbersdiscussedhereinina
singlegeneralizedconfiguration,theblockdiagramoffigure5 is
included.Inthisfiguretheinputorexcitingmotionisappliedto
oneendofthecontrollableinstantaneouslyvariabledampingdeviceor
mediumshownat–A whichoperatesonthemotiontoproducetheoutput
motion.Thedifferential-sensingelementB sensesthedifference
betweentheinputandoutputloading@ctions (whetherofa displace-
ment,velocity,orforcenature)andissbletotransmithisdiffer-
enceasa workablesignalorrmtioneitherinoroutofphasewiththe
originalinputfunction.Thisdifferenceisreceivedbythephase
shifterordifferentiatorC whichiscapableof shiftingthephase
overthedesiredfrequencyrangeof inputfunctionswhererequiredby
thedesignor choiceof sensingelementsothattheresultingcontrol
signalormotionwillbe ofthecorrectphasewhenap@iedto A to
dampthemotionorto absorbtheshock.Thecorrectlyphasedcontrol
signalisreceivedby thefrequeney-se>ectivef lterD whichis so
arrangedasto increaseordecreasethedampingor shock-absorbing
effectivenessofdamperA overcertaindesignatedfrequencyrangesso
thatthedesiredtypeofClmupingcharacteristicagainstfrequencyor
rateofappliedloadcanbe achieved.Thefrequency-modifiedcontrol
signalisthenappliedtothedsmpingcontrollero amplifierE which
is soconstructedthatsignalsormotionspickedupby thesensingele-
mentcanbe smplifiedtotheproperstrengthand/orconvertedtothe
properformto controlinstantaneouslythedampingor shock-absorbing
qualitiesofdamperA asrequired.
Figure5 canbeappliedtothesingle-actinglow-passhockabsorber
offigme 3, forexemple,asfollows:!l%edamperA isrepresented
by thehydraulicfluidandthemainvarisble-flowrificeandvalvehead.
Thedifferential-sensingelementB isrepresentedbythefluidlevel
inthecontrolcylinder.ThephaseshifterordifferentiatorC is
representedby thespringinthecontrol:cylinderin cotiinationwith
thebleedorificeinthecontrolpiston.Thefrequency-selectivef l-
ter D isalsorepresentedbythisorif=ceandspringconibination.
ThedampingcontrollerE isrepresentedbythecontrolpistonandrod
extendingtothemainvalvehead.
w
.
.—
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EXAMPLESOLUTIONSCOMPAR12?GLOW-PASSANDCONVENTIONALSHOCKSTRUTS
l
9 A simplifiedtheoryhasbeenderivedto comparethelow-passand
conventionalfixed-orificeshockstruts.Thetheoreticalequationsare
includedintheappendixofthispaper.Twocasesareanalyzedbytheo-
reticalmethods.Thefirstconsiderstheshockimposedintravel@ over
a simplesteepbumpandthesecondtreatscompoundbumps.Inthese
treatmentstheorificeareasoftheconventionalfixed-orificeandthe
low-passtrutsareassumedtobe identicalwhenthelow-passtrutof
figure3 isin itslow-frequencyonfiguration,thatis,withthecon-
trolpistondownon itsseat.Althoughitwasimpracticaltthis
stageto selectoptimumstrutcharacteristicsforthecasestreated,
thecomparisonsarebelievedtobe conservative.
SimpleBump
Forthefirstexampleofmotionovera siqlebump,thecaseofa.
carrierlandingoveran arresting-gearcablehasbeenselected.(See
fig.6.) The cableis showninthelowerpartoffigure6 withanarbi-
.
trarybunpfairedoverit;thisbumprepresentsveryroughlytheverti-
calmotionofthewheel.An idealizedcomparisonoftheincremental
. accelerationsoftheaircraftduetothecableispresentedfora rep-
resentativeconventionalfixed-orificestrutandan equivalent,sup-
posedlypractical.ow-pass-strutconfigurationshownintheupperpart
offigure6. Inthiscomparison,‘thesolutiongivenintheappendix
isfurthersimplifiedbyassumingthatthemainorificecoul.dbeopened
tothreetimesits.originalreawithnotimelagduringpassageofthe
wheeloverthecable.Theseaccelerationswhicharesuperposedonthe
landingaccelerationarehighsincetheyrepresenttheextremecaseof
a rigidairplaneanda bottomedtire. Thus,ody theshockstrutsare
beingcomparedforeffectivenessinreducingtheload. It isreasonable,
however,to assumethat,forthedesignlandingcondition,thetires
mightbe completelybottomedwhilerunningoverthearrestinggear
cable. Also,althoughitisdifficultto evaluatetheeffectsofair-
craftflexibilityatthisstage,itisapparenthat,if structural
elasticitydidnotgreatlyrelievetheloadshownfortheconventional
shockstrut,thegearwouldfail. Theloadreductionachievedbythe
low-passtrutmightpreventsuchfailures.Othervisualizedsingle-
bumpcasesforwhichthelow-passtrutmightreducetheloadsare:
(1) IQdro-skiseaplanerunningoverslog
(2) Militsryaircraftlandingina chucholeorelevationdiffer-0. enceat intersectionbetweenmetalsectionsonfabricatedrunwayson
insufficientlymaintainedfieldsduringwartime
12
(3)
(4)
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Ski-planeladingsoverunevenicefields i
High-speedlandingson concreterun-ysonwhichtherearediffer-
elevation
Inoperations
maybe encountered
betweenadJacents1*s;
w“
CompoundBumps
overroughlandandwaterrunways,compoundbumps
whicharecomposedof superposedbumpsorwavesof
differentfrequencyas showninthelower,p-~-offigure7. Theeffective
co~ositesurfaceprofileshownismadeup oflargebumps1 foothigh
by 100feetlongconbinedwithsmallbumps4 incheshighbyabout17 feet
long.Theactualbumpsforthiscasecouldbemuchhigherbut,because
oftireflexibilityorpenetrationftheskiintothesurface,the
actualdisplacementofthelowerattacmentpointoftheshockstrutis
reducedtotheeffectivebumpheightwhichisplottedinthelowerpart
offigure7. Theshock-strutdimensionsandappropriateconstantsused
inthesamplesolutionarelistedintheappendix.Theverticalaccel-
erationoftheaircraftispresented~ theupperpartoffigure7.
Theconventionalshockstrutexhibitshi~ loadsforthehigh-frequ@ncy
bumpsorintheregionofthesteepwavefrontswhereasthelow-pass #
strutgreatlyreducestheseloads.Theactionsofbothstrutsforthe
low-frequencyomponentoftheinputfunctionarefairlysimilar.
.
-.
CONCLUDINGREMARKS
Inthispaper,a newclassoffrequency-selective,filtering-action
shockabsorbershavingthecollectivetitleof “band-passshockabsorbersll
havebeenintroducedandtheirprinciplesof operationhavebeen
described.Theseshockabsorbersmaybe designedto Isolatetwobodies
fromeachotherovercertainrangesofexcitingfrequenciesorratesof
loadapplicationwhilecouplingthemovertheremainderofthefrequency
spectrum.Inthecouplingregionthe’dai@ingforcesexertedbythe
shockabsorberwouldbe highcompared;withthedampingovertheremainder
ofthefrequencyspectrum. .
A simplifiedtheoreticalsolutiopwasmadeto comparetheeffective-
nessofthelow-passhockstrutwitha conventionalstrutfora landing-
gearapplication.Attentionwasgiveptotwodifferentassumedbump.
encounters:(1)a singlebumpsuchas.isencounteredby,runningovera
carrierarresting-gearcableand(2]a cczibinedbumpmadeup of super-
posedsinewavesofwidelydifferentwavelengthrepresentingtaxiing
onroughrunwaysor inwaterwaves.Theresultshowthat,although
bothshockstrutstransmittedapproximatelythes-e”lod totheair-
1
craftforlongsmoothbumpsorwaves,thelow-passtrutgreatly
*-
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alleviatedtheloadstransmittedforsmallsteepbumpsorwaves.Thus,
forthecaseofthehigh-speedaircrafthavinga relativelystiff
landingear,therapidlyappliedshockloadingsencounteredonrough
landsmdwaterrunwayswouldbealleviatedwhiletheverticaltsxiing
loadsanddesignl~dingshockswouldbedevelopedandabsorbedas in
conventionalgears.Thedegreeofloadalleviationattainablewith
theseband-passhockabsorbersinpracticehasnotbeendetermined
experimentally.
~ley AeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,
LsngleyFieldjVa.,June15,1956.
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SIMPLIZ?IEDEQUATIONSOFMOTIONFORLOW-PASSHOCKSTRUT
DerivationofTheoreticalEquations
Theob~ectofthefollowingsnalysisisto givesomeinsightinto
thebehavioroflow-passhockstruts.Simplifiedquationsofmotion
forthelow-passhockstrutshowninfigure3 aredeveloped.For
theseequationsthefollowingsynibolsareused:
A
a
c
F(t)
KSf=l+—
k
h
r
~ “2KS
=-—
a pa
internalcross-sectionalareaofmaincylinders
internalcross-sectionalsxeaof controlcylinder
hydraulic-forceco fficient
upwardforceon shockstrut
—
l
—
.
—
airspringconstant
springconstantofmetalspringincontrolcylinder
.—
massofairplane
controlcylinderpressure :+.
fluidpressureinlowerstrutcylinder .
airpressureinupperstrutcylinder $
.-
W
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. rm=-a
* v
w
w~
x
Y
z
a,f3
E
.
Q
.
fluidvelocitythroughfrequency-controlorifice
verticaldisplacementofuppersurfaceof fluidin control
cylinder
initialfluidlevelin controlcylinder
verticaldisplacementofbaseof strut
verticaldisplacementofai@ane masswhichis concentrated
attopof strut
verticaldisplacementofmetering-pincontrolpiston
const~tsjforfixed-orificeshockstrut,a = O
effectiveinternalcross-sectionalareaof frequency-control
orificein controlpiston
densityof shock-strutfluid
A dotovera symbolindicatesa derivativewithrespectotime
ofthequantityrepresentedby thesyI&ol.
Thesimplifyingassumptionsoftheanalysisare:
(1)Theuppercylinderairpressurepu istakentobe constant
overtheentirestruttravel(seeref.1)
(2)Thedampingforceistskentobe propotiionaltothesqpare
ofthetelescopingvelocity(turbulentdsmping)
(3)me airsPr@3 (Oran equivalentmetalspringpushingdownon
thefluidinthecontrolcylinder)istakentobe linear
(4)Viscosityandmetal-to-metalfrictionareignored
(5)The~ thiclmessoftheupperandlowerstrutc&nders is
assumedtobe negligible(airandhydraulicareasareassumedtobe
equal).
Theaxialforceequationontheshockstrutthusbecomes,forh
F(t)>~A,
— —..
16
F(t)= ~ = puA+
Thus,by differentiation,
~z =
Letthehydraulic-forceco fficient
oyeningbe a linearfunctionofthe
placementsothat
c = B
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C(i - ?)2 = pzA (1)
: “i” (2)
C determinedlythemain-orifice
metering-pincontrol-pistondis-
,.
._
-C(Z
where j3and a areconstants.(Forthe
shockstrut,a=o.)
Sincethecontrol-cylinderai spring
w% = pca
and
where
~ airspringconstant
(3)
conventionalfixed-orifice
wasassumedtobe linear,
(4)
.=
(5) “
W. initialfluidlevelin controlcylinder
a effectiveinternalcross-sectionalareaof controlcylinders
Whentheforcesonthecontrolpistonare“equated,
Pza = pca+
whereKs isthespringconstant
cylinder.
of the metalsl@nginthecontrol
Therateofflowofthefluidflowing
maybe qressed as
;a = a;+ vc
intothecontrolcylinder
(7)
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where v. is the fluid velocity throughthe frequency-controlorifice
of effective area e. !l?hefluid velocity maybe determinedfrom
Bernoulli’s equationas
.
Ksz
=&v2T
or
(8)
where p isthedensityoftheshock-strutfluid.Equations(7) and (8)
cotiine to give
andsince,fromthe
equation(9) maybe
Combiningequations
differentiationof equation(6),
rewritten
(2) and(n) gives
(9)
(lo)
(XL)
(12)
In order to solve equation (lJ?), z maybe obtainedas a function of x,
y, andtime by conibiningequations (1) end (3) to give
PZA=PUA+ (13‘~z)(~-;)2
or
(13)
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Eqyations(12)and (13) may,be rewritten as
.
if + zl/2h =“~j (14)
.. .
z ‘z +:-y
“ (x-Y)g
(15)
., ..: .
KS
r
‘%. _lll.where f=l+—, h =:
& ~’ J &A9
2=:, q.? andr=~.
Eqgation(15) maybe differentiated with respect to the to give
2(q - N)(X -~) - r~”i=- (16)
(+ - j)3 (i - j)a
Equations(14),(15),and(16) gbe comb~edto give
2f(~ - q)(~-;) +h-
“
~.+ q-~Y
“3 .2l.. i-y)
Y=
;-y) (i>j) (17) *.-F
Thisequationcanbe solvedbymeansof step-by-stepprocessestogive
theverticalmotionsoftheaircraftuyper”mass m ifthevariation
of x withtimeisknowninadditionto theconstantsdefiningthe
shock-strutmechanism.
TreatmentofDiscontinuitiesnMakingSolutions
Inasmuchasthederivedequationsarehighlynonlinear,thevarious
discontinuitiesarisingduringsolutionmustbe takenintoaccount.
Equation(17) applies only for ~ > ~. For ~ ~ ~, ~
&A
= ~j. for X>y,
? =~; smdforx= Y9 ;=;. If x tries to becomeless than y, ~..0
remainsconstant, ? =0, sndy=O. Theterm z cannotbelessthanOj
if z triestobecomenegative, it is assumedto be zero. If I&l
becomessless than Iql, it, isassumedtkt z=l. Theterm ~ cannot
be.negativejif ittriestobecomenegative,itisheldeqti to zero
.
until~ becomespositiveagainend ,;~_y and x ~ y. menyo = 0,
-.
.
For F(t)~puA, x = y forthefullyextendedstrutposition.
*
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Shock-StrutDimensionsandAppropriateConstants
ForSampleSolutionsof CompoundB~s
Theshock-strutdimensionsandappropriateconstantsusedforthe
samplesolutionsareasfollows:
m = 247SIUgS= 20.6 lb-sec2/in.
Pu = 200lb/sq in.
A = 16 sq in.
~ = 1.65 slW/ft3
a =0.75 Sq in.
KS = 375lb/in.
l & = 7’50lb/in.
e = 0.005 sqin.
.
Totallength= 30
= 0.00008lb-sec2/in.4
inches
Telescopinglength= 14 inches
j3= 300lb/( ft/sec)2 = 2.08 D/(in. /sec)2
a = 300lb/( ft/sec)2/in. = 2.08 lb/(in. /sec)2/in.
f = 1.5
h = 37.6
j s 0.00129
z =1
q = 1,543
r = 999
.
.
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Figure5.-Blockdiagramofband-passhockabsorber.
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Figure6.- Vertical-accelerationincrementcausedbypassageover
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Figure 7.- Taxiing over a complexrough surracemade up of superimposed
wave trains. Aircraft speed, 120 knots.
